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of  a plate-gikdkf  draw-span. 

0 

' INTRODUCTION, 

Plate  girders  have  been  in  use  in  this  country  for  about 
fifty  years,  having  been  introduced  from  Europe  where  th^  were 
first  made  about  1850,  Although  the  stresses  in  them  are  not  ex- 
actly determinate,  nevertheless  the  cheapness  of  shop  cost,  the 
stiffness,  and  the  ease  and  quickness  of  erection  give  them  a great 
advantage  over  truss  bridges  for  spans  from  30  to  100  feet. 

The  deck  plate  girder  is  particularly  desirable  where  it 
can  be  be  substituted  for  a,  through  truss  bridge,  as  the  expensive 

I floor  system  is  thereby  eliminated.  This  form  is  v/ell  adapted  to 
dravz-bridges  owing  to  its  compactness,  the  space  available  for  ma- 
chinery, and  the  ease  with  vhich  the  latter  is  attached. 

This  thesis  is  devoted  to  the  design  of  a center-bearing 
deck  plate-girder  drav;-span.  In  any  such  design  it  is  necessary 
to  have  a set  of  specifications  in  order  that  thjere  may  be  an  ex- 
act understanding  betv/een  the  builder  and  the  engineer,  and  to  form 

1 

i a se,t  of  rules  for  the  acceptance  of  the  finished  structure.  In 

this  design.  Cooper’s  General  Specifications  for  Steel  Railroad 

i 

I Bridges  and  Viaducts,  Edition  1901,  will  be  followed,  the  uniform 

I instead  of  the  concentrated  loading  being  used. 
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ij' 

I 

ij 

•^rt.  1*  General  Dimensions* 

Ij  The  lenght  under  coping  v/ill  be  taken  as  34-  feet  for  each 

arm,  making  GO  feet  center  to  center  of  the  end  v/edges  and  81  feet 
over  all.  it  is  desirable  to  have  a sufficient  depth  at  the  center 

to  allow  the  structure  to  be  supported  by  cros^-girders  resting  on 
j the  center  bearing,  and  also  to  give  room  for  the  machinery  requi- 
red to  operate  the  draw.  Accordingly,  6 feet  is  taken  as  the  cen- 
ter depth.  At  the  ends  there  must  be  space  enough  betv/een  the  bot- 
tom of  the  girders  and  the  piers  to  permit  the  wedges  to  be  placed 
between  them.  Four  feet  is  taken  as  this  depth. 


81- o'' 


Fig.  1. 

Fig.  1 is  a diagram  showing  the  various  dimensions  as  deci- 
ded upon. 

Art.  2,  Weight. 

For  the  preliminary  design,  it  is  necessary  to  estimate  the 
weight  of  the  steel,  and  for  this  purpose  empirical  formulae  have 
been  devised.  For  ordinary  deck  plate  girders  designed  for  Cooper^ 
b..  40  loading,  v/  = 124  + lOL  is  a formula  giving  close  results. 

Here,  v/  is  the  weight  in  pounds  per  linear  foot  of  span,  and  L is 
the  length  of  the  span,  in  feet.  For  the  extra  weight  of  the  drav/ 
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it  will  be  necessary  to  add  15  per  cent.  This  gives  600  pounds  per 
linear  foot  of  span  for  the  v/eight  of  the  steel. 

Art,  3.  Loadings, 

The  bridge  v/ill  be  designed  for  the  stresses  caused  under 
four  conditions.  These  conditions  are  so  chosen  as  to  give  a com- 
t^ination  from  which  the  maximum  possible  stress  at  any  point  can 
be  determined.  These  conditions  are:- 

(a)  The  drav/  sv/inging,  dead  load  only, 

(b)  Draw  closed, and  considered  as  two  ccntii^us  spans  for  dead 
load, 

(c)  Drav/  closed,  and  each  span  considered  as  independent  for 
live  load, 

(d)  Drav/  closed,  and  considered  as  tv/o  continuous  spans  for 
live  load. 

The  possible  combinations  are  a+c,  a+d,  b+c,  and  b+d.  The 
reactions,  and  the  shears  and  moments  v/ill  now  be  computed  for 
these  various  conditions. 

Art,  4,  Reac.tions, 

When  the  end  wedges  are  drav/n,  the  entire  weight  is  carried 
at  the  center  bearing.  For  cases  (b)  and  (d),  the  reactions  are 
given  by  the  formulae  = 3/8v/l,  and  Rg  = 10/8wl,  v/here  v/  is 

the  load  per  linear  foot  and  1 is  the  length  center  to  center  of 
span.  The  follov/ing  table.  Table  I,  gives  the  results  as  indicated 
above,  and  are  for  one  girder. 


Table  I,  Reactions. 


(a) 

(b) 

(c) 

(d) 

0 

7 750 

75  400 

50  840 

1 
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Table  I.  Keactions.  (continued) 


(a) 

(b) 

(c) 

(d) 

40  500 

25  000 

73  600 

188  500 

^3 

0 

7 750 

75  400 

50  840 

The  shears  and  moments  T/ere  computed  at  sections  at  dis- 
tances apart  of  five  feet.  Fig,  2 indicates  the  sections  at  v/hich 
the  shears  and  moments  v/ere  computed,  and  it  also  shov/s  their  re- 


Fig.  2. 

lative  position  on  the  girder. 

Table  11  gives  the  shears  in  pounds  at  the  five-foot  sect 
ions,  for'  the  various  conditions  of  loading. 

Table  II, 


7. 

The  moments  under  the  various  conditions  of  loading  are 
computed  and  are  placed  in  Table  111.  The  results  are  in  inch- 
pounds. 

Table  III. 


Art,  5,  Flange  Stresses  and  Areas, 

By  selecting  the  combinations  - giving  the  maximum  moments, 
and  dividing  these  moments  by  the  depth  of  the  girder  less  two  in- 
ches, the  maximum  flange  stresses  are  computed.  They  are  given  in 
Table  IV,  Whenever  there  is  a reversal  of  stresses,  eight-tenths 
of  the  smaller  is  added  to  the  larger,  and  the  result  is  used  in  de- 
signing the  parts  under  consideration.  The  first  three-fourths  of 
each  span  has  such  a condition  when  the  span  is  swinging, -and  eight- 
tenths  of  the  stress  in  that  case  must  be  added  to  the  dead  load  in 
computing  the  flange  areas.  The  allowable  unit  stresses  are  20  000 
pouTids  for  dead  load,  and  10  000  pounds  for  live  load.  By  dividing 
the  moment  by  these  the  respective  net  flange  area  results. 


' 


• 
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I Table  IV  gives  the  maximum  dead  and  live  load  as  v/ell  as 

|i 

li  reversal  moments.  Table  V gives  the  flange  areas  and  stresses. 


Table  IV,  Maximum  Moments. 


Pt, 

Live. 

Dead, 

Reversal. 

1. 

+ 3 444  000 

+ 375  000 

+ 73  000 

2. 

+ 5 904  000 

+ 600  000 

+ 265  000 

5, 

+ 7 380  000 

+ 675  000 

+ 577  000 

4, 

+ 7 872  000 

+ 600  000 

+ 1 009  000 

5. 

+ 7 380  000 

+ 375  000 

+ 1 561  000 

6. 

+ 5 904  000 

0 

+ 2 393  000 

7, 

- 5 504  000 

- 3 781  000 

0 

8. 

- 7 872  000 

- 4 921  000 

0 

Table  V.  Flange  Stresses  and  Areas. 


Assumed 

“e 

Stresses, 

Flanp;e  Area£ 

3. 

Live, 

Dead. 

Live. 

Dead, 

Total. 

46.00 

74  700 

9 720 

7.47 

0.48 

7.95 

49.31 

119  500 

17  500 

11.95 

0.87 

12.82 

55,25 

138  500 

23  500  • 

13,85 

1.17 

15.02 

57.00 

137  800 

28  200 

13.78 

1.41 

15,19 

60,75 

123  000 

31  700 

12.50 

1.58 

13, 88 

64.63 

91  100 

36  900 

9.11 

1.89 

11.00 

68,50 

80  200 

55  100 

8.02 

2.75 

10.77 

70.00 

112  500 

70  200 

11.25 

3.51 

14.76 

PAKT  II.  hhSIGh. 

^ Art,  6,  Flanges, 

In  the  design  for  the  flanges,  two  or  more  steps  are  neces 
Gary,  First,  the  design  using  the  net  areas  as  computed  in  Table 
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V,  and  second,  the  investigation  of  this  design  by  using  the  true 
effective  depth.  The  make-up  of  the  flange  at  the  point  of  maxi- 
mum required  area  Y/ill  now  be  determined. 

This  section  is  at  the  center  of  either  arm,  and  the  requir- 
ed area  is  15,19  square  inches.  The  area  should  be  about  equally 
divided  betv/een  the  angles  and  the  cover  plates.  By  dividing 
15.19  by  4,  the  approximate  net  area  of  one  angle  is  obtained. 

The  result  is  3,80  square  inches,  and,  from  Cambria,  a 6”  x 4’*  x 
1/2”  angle  is  selected.  This  has  a gross  area  of  4.75  square  in- 
ches. Deducting  two  7/6-inch  rivet  holes  from  this,  gives  a net 
area  of  5,75  square  inches.  Deducting  the  net  area  of  the  angles 
from  the  total  net  area  required  gives  7.69  square  inches  as  the 
required  net  area  of  the  cover  plates.  For  4-inch  angles,  10- 
inch  plates  should  be  used.  Two  plates,  one  1/2”  thick,  and  the 
other  7/16”  thick,  give  a gross  area  of  9.38  sq,  in.,  and  a net  are^ 
of  7.50  sq.  in.  This  makes  a total  of  15,00  sq,  in.  as  the  net 
flange  area  given  by  this  section.  This  finishes  the  preliminary 
design,  and  the  section  will  no>v  be  investigated. 

The  first  step  in  the  investigation  of  the  design  is  the 
determination  of  the  center  of  gravity  of  the  flanges.  By  tak- 
ing moments  about  the  top  of  the  cover  plate,  we  have 
aj^x-j^  + a^X2  + etc. 


'A 


= x - --  --  --  --  - v/here 


X is  the  distance  to  the  center  of  gravity  of  the  section,  a^  and 
ag  being  the  gross  areas  of  the  cover  plates  and  angles  and  x-j^  and 
Xg  being  the  distance  to  their  centers  of  gravity.  A is  the  gross 
area  of  the  entire  section.  This  gives  1.71  in,  as  the  distance 
of  the  center  of  gravity  from  the  top  of  the  cover  plates.  The 
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effective  depth  can  novv  be  computed  , and  is 

59.i;5  + (2  X 15/16)  - (2  x 1.71)  = 57.71  in. 


l^ith  this  depth  v/e  proceed  to  compute  the  flange  section  as  in  the 
first  case.  The  difference  is  found  to  be  only  0.2/^,  and  the  de- 
sign ¥/ill  be  allov/ed  to  stand. 

The  cover  plate  next  to  the  angles  on  the  upper  flange  will 
extend  the  entire  length  so  as  to  exclude  the  moisture,  and  the 
length  of  the  top  plate  of  the  upper  flange  and  both  plates  of  the 
lov/er  flange,  will  be  determined  from  the  curve  of  Fig.  3.  Fig. 
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Fig.  3. 


3 is  the  curve  of  required  flange  areas,  on  which  the  actual  flange 
areas  have  been  plotted. 


Art.  7.  The  V^eb. 

The  stresses  in  the  web  of  the  plate  girder  are  not  fully 
known,  but  the  design  is  made  on  the  assumption  that  the  v/eb  takes 


all  of  the  shear 
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From  Table  11,  the  maximum  end  shear  is  found  to  be  85  380 
pounds.  The  allov/able  shear  is  9 000  pounds  per  sq,  in.  Divid- 

ing this  into  the  total  shear,  we  get  9.49  sq.  in.  as  the  required 
area  of  the  web  section.  The  depth  at  the  end  being  48  in. , gives 
a required  thickness  of  3/16  in.,  but  the  specifications  limit  this 
thickness  to  3/8  in.  and  so  this  v/ill  be  used.  Similarly,  at  the 

center  the  required  thickness  ig  found  to  be  only  3/l6  in.  There- 
fore, a 3/8-inch  web  v/ill  be  used  throughout. 

Owing  to  the  limitations  of  manufacture,  the  sizes  to  v/hich 
plates  can  be  rolled  are  v/ell  defined.  The  standard  length  of  a 
plate  72"  x 5/8"  is  35  feet.  This  makes  it  necessary  to  spliCe 
the  web  at  least  twice.  On  account  of  the  irregular  outline  of 
the  v/eb,  material  will  be  saved  by  making  three  splices,  one  at 
the  center  and  one  six  feet  from  each  end  of  the  span.  Since  the 
v/eb  carries  the  shear  the  splice  must  be  sufficient  for  this  pur- 
pose. 

The  maximiam  shear  six  feet  from  the  ends  is  76  900  pounds,  i 
This  divided  by  9 000  pounds,  gives  8,55  sq.  in.  as  the  requires  | 

net  section  of  the  splice  plate.  The  length  of  the  splice  plate 
is  36  in.,  and  the  thickness  v/ill,  therefore  be  8,55  36  = 0.24 

in.  The  minimum  allowable  thickness  is,  hov/ever,  3/8  in*,  and  one 
plate  of  this  thickness  v/ill  be  put  on  each  side  of  the  v/eb.  The 
number  of  rivets  is  determined  by  dividing  the  shear  by  4 920,  the 
allowable  bearing  of  a 7/8-inch  rivet  in  a 3/8-inch  plate.  This 
gives  76  900  -i-  4 920  = 16  as  the  required  number  of  rivets.  It 
has  been  determined  above  that  the  required  thickness  at  the  cen- 
ter is  3/16  in.  Therefore,  tv/o  3/8-inch  splice  plates  v/ill  be  used, 
The  number  of  rivets,  determined  in  a similar  manner  to  that  above. 
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is  foxind  to  be  24,  the  bearing,  in  a 3/8-in*  plate  governing  as  be- 
fore. ' 


Art.  8.  Bivet  Spacing. 

The  shearing  or  bearing  stress  on  a rivet  in  the  upper 
flange  of  a plat©  girder  is  ^ the  resultant  of  'tT/o  forces,  one  a ver- 
tical force  due  to  the  v/eight  of  the  track  and  the  live  load,  and 
the  other  a horizontal  stress  due  to  the  difference  of  flange  stres^ 
es.  Then  to  find  the  spacing  at  any  point,  it  is  only  required  to 
divide  the  the  allowable  shear  or  bearing  value  of  a rivet  by  the 
square  root  of  the  sum  of  the  squares  of  the  two  forces  involved. 

From  the  consideration' of  thesr  facts  the  following  formula  is  de- 
rived 


P = — y.,.  — I — ^ — 'Where 

/(|)^  V ’ 

P = the  spacing, 

V = the  allowable  value  of  one  rivet, 

V = the  maximum  shear  at  that’ point, 

h = the  effective  dep.th  of  the  girder  at  that  point,  and 
V/  = the  locallized  loading  due  to  the  weight  of  the  track  end 
the  heaviest  wheel  load. 

As  there' is  no  vertical  force  effecting  the  rivets  in  the 
lower  flange,  the  formula  reduces  to 


The  allov/able  spacing  is,  therefore,  somewhat  greater  than  in  the 
upper  flange,  but  the  shop  cost  will  be  reduced  by  making  it  the 
same.  The  following  cui’ve.  Fig,  4,  represents  the  spacing  in 
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Rivet  Spacing  in  Upper  Flange* 
is,  however,  six  inches* 

The  number  of  rivets  in  the  cover  plates  is  determined  by 
dividing  the  stress  which  is  transferred  to  the  plate  by  the  allow- 
able shearing  stress  of  a rivet.  The  resulting  spacing  will  be 
greater  than  that  in  the  flanges;  but  it  is  customary  to  neglect 
the  computed  spacing  and'  to  stagger  the  rivets  with  those  in  the 
flanges. 


Art,’ 9,  Stiffeners, 

The  specifications  require  that  the  stiffeners  shall  be  a- 
ble  to  withstand’ the  shear  v/ithout  exceeding  the  unit  stress  giv- 
en by  the  formula “P  = 10  000  - 45  p , The  maximum  shear  at  the 
end  is,  from  Table  II,  86  380  pounds.  From  Cambria  we  select  a 
3-1/2”  X 3”  X 7/16”  angle.  The  radius  of  gyration  of  tv/o  of  these 
angles  placed  back  to  bach  and  separated  by  the  web,  is  1,37  inches. 
The  unit  stress  is,  thereforei  8 460  pounds,  and  the  required  area 
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is  10.64  sq,  in.  This  is  as  near' to  the  required  area  as  it  is  pos- 
sible to  obtain,  and  these  angles  will  be  used. 

Similarly,  at  the  center,  designing  with  3-1/2”  x S-1/2”  x 
3/8”  angles,  the  required  area  is  14.20  sq.  in.,  and  the  given  area 
14.94  sq.  in.  These  angles  will  therefore  be  used. 

At  present  there  is  no  rational  method  for  the  design  of  the 
intermediate  stiffeners  since  their  stresses  and  their  effect  on  the 
web  is  unknown.  They  should  be  able  to  carry  to  the  web  the  great- 
est concentrated  load  that  can  come  over  them.  Two  angles  3-1/2” 

X 3”  X 3/8”  are  more  thai7^ required,  but  are  the  smallest  that  can 
be  used,  and  therefore  the  intermediate  stiffeners  will  be  former! 

' of  them. 

Since  the  end  stiffeners  are  designed  to  carry  the  total  end 
shear,  they  must  have  enough  rivets  to  carry  the  stress  to  them. 

’‘  Dividing  the  total  shears  85  300  pounds,  by  the  allowable  bearing 
value  of  one  rivet,  4 920  pounds,  gives  17  as  the  required  n\imber 
of  rivets;  Similarly  at  the  center  support,  24  rivets  are  requi- 
red. 


Art.  10.  Laterals, 

The  lower  lateral  system  is  to  be  designed  to  resist  a wind 
load  of  160  pounds  per  linear  foot,  and  the  upper  system,  in  addition 
to  this,  is  to  be  designed  for  a moving  load  of  450  pounds  per  lin- 
ear foot.  The  loads  must  be  considered  as  coming  from  either  side  ’ 
in  order  to  obtain  the  worst  conditions.  The  stresses  are  compu- 
ted as  for  an  ordinary  Warren  truss,  and  the  maxima  are  shovm  in 
■ Fig,  5 as  well  as  on  the  strain  sheet. 

The  design,  if  made  for  compression,  must  be  also  tested 
for  tension.  For  compression,  the  unit  allowable  stress  is  given 
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by  P * 13  000  - 60  i,  and  for  tension  the  unit  stress  is  18  000 

r 

pounds.  When  an  angle  in  tension  is  fastened  by  only  one  leg,  that 
leg  alone  is  considered  as  effective. 


Fig.  5. 

For  a 3-1/2”  x 3”  x 5/16”  angle,  the  allowable  compressive 
stress  is  7 500  pounds  per  sq.  in.,  and  the  maximum  wind  compressive 
stress  in  the  lower  system  is  5 500  puonds.  The  required  area  is 
then  0.72  sq.  in.,  and  the  actual  area  is  1.94  sq.  in.  This  an- 
gle gives  a much  larger  area  than  is  required,  but  being  the  small- 
est allowable  by  specifications,  it  will  be  used.  The  required 
area  for  tension  is  0.52  sq.  in.,  and  the  net  area  of  a 3-l/2-in. 
leg  is  0.78  sq.  in.  This  sized  angle  being  safe  in  both  tension 
and  compression,  will  be  used  throughout  the  lower  lateral  system, 
in  a similar  manner  the  angles  for  the  upper  system  were  determin- 
ed, and  are  shown  on  Pig.  5. 

Art.  11.  Cross-Frames. 

The  same  methods  were  used  for  the  cross-frames  as  for  the 
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laterals.  The  end  and  center  cress-frames  will  be  designed  each 
for  half  the  load  of  one  span,  while  the  intermediate  cross-fi’ames 
will  each  carry  their  proportional  part.  Pig,  6 shows  diagrams  on 
which  are  placed  the  stresses  and  the  sections  used. 
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Art,  12*  Cross-Girders, 

When  closed, the  bridge  is  supported  at  the  center  on  wedges, 
but  when  swinging, the  load  is  carried  by  two  cross-girders  resting 
on  the  central  post,  " By  making  these  girders  she.llow,  the  point 
of  suppofcf  will^lgh  and  the  draw  will  swing  more  easily.  Their 
design  is  similar  to  that  of  the  longitudinal  girders. 

The  flange  stress  is  20  250  x S9  + 14  = 56  411  pounds. 

The  allowable  unit  stress  is  5/4  x 20  000  = 15  000  pounds.  The 


i 


4,'-^ 


r 

if 


I 


.H  . * 'i  . ‘ • '^ 


T J3 

'f’j'-i  .'VJ 


i 


^ -V  <^  ••  *>‘  • 4 ^ 


,v.  -■ 

'■1 

.1 

► '^y  A . m 

. »’ 

v' 

1 

'•^'Jr'i  ,:i>  ; ■.  : 

, ■ ••uv'ir.i  , 

i 


\ 


'S  / ^ ^ I i 

1 ■m  ■ «#  .'  • ' * 


:.  r •.  ■ '■'-  ' . 

H 

...r‘  -r 

A X--v''.':«i 


;r 


■iU 


'•■'  •>  ;. 


, . -vlTiil 

ri  . :•*•..  • 

•"  V..  ;i  1 

•.  -.  ♦ * ' *,  . . ^ 

. r*.;  " .r-JUi 


17 


required  net  fl&nge  area  la  then  66  411  + 15  000  *=  3,76  sq,  in. 

The  gross  area  of  a 3-1/2**  x 3-1/2**  x 3/8**  angle  is  2,94  sq,  in. 
Deducting  0;38  sq,  in,  for  the  rivet  hole,  leaves  2,11  sq,  in,  as 
the  net  area.  These  angles  give  a total  net  area  of  4,22  sq,  in,, 
"and  will' be  used. 

The  required  web  area  is  20  260  + 9 000  = 2,26  sq,  in.  To 
obtain  this  requires  an  area  of  2,25  •*-  16  = 0.14  in,,  but  the  min- 
imum allowed  is  3/8**,  and  this  will  be  used. 


Art*  13,  Side  Braces, 

Side  braces  will  be  attached  to  the  draw  to  prevent  tipping 
from  unbalanced  loads,  and  to  make  it  more  rigid  under  the  passage 
' of  trains;  ' Wheels  running  on  a circular  track  9*-  6**  in  diameter 
will  transmit  the  load  to  the  masonry. 

The  overtiu’ning  effect 'due  to  a force  of  450  pounds  per  lin 
ear  foot  acting  at  a distance  of  six  feet  above  the  base  of  rail, 
and  160  pounds  per  linear  foot  acting  at  the  upper  chord,  will  re- 
quire an  upward  force  of 


■1450  .X  SO^.  102X*  .(150.  K_e0  X.  gO)..  ^ 53  ^33 

acts  at  the  wheel.  The  stress  in  the  angles  at  the  bottom  of  the 
brace  will  be 


58  400  X 18 
60 


= 17  520  lb. 


The  required  net  area  of  these  angles  is  then  17  520  16  000  = 1,10 

sq,  in.  The  upper  angles  will  have  a stress  of  68  4000  x 1,09  = 

63  600  pounds.  The  allowable  stress  computed  from ' the  compression 
formula  is  11  600  pounds.  This  is  gotten  by  using  a radius  of  gy- 
i ration  of  1,61,  which  is  that  of  two  3-1/2**  x 3*- 1/2**  x 3/8**  angles 
placed  back” to  back  and  3/8  inches  apart.  The  general  arrangement 
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of  the  brace,  &s  well  as  Its  sizes  is  shown  in  Pig.  7. 


Art.  14i  Center  Bearings. 

The  center  bearing  bearing  carries  the  deed  load  only,  as 
the  live  load  is  transferred  to  the  masomry  by  means  of  the  side 
braces.  To  transfer  this  load  to  the  masonry  at  250  pounds  per 
sq^  in.,  v/ould  require  the  base  of  the  post  to  be  only  twenty  in- 
^ ches  in  diameter. ' "As  this  is  too  small  to  give  the  required 
stability,  consideration  of  this  latter  factor  will  govern  the 
design;  Fig.  8 gives  a general  detail  of  the  post.  ' As  metals 
of  the  same  kind  do  not,  as  a general  rule,  work  well  when  in 
I bearing  upon  one  another,  the  bearing  surfaces  are  made  of  a sphe- 
rical surfaced’  disk,  and  this  bears  on  a phosphor  bronze  plaie  so 
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formula 


1,166 

Eh^ 

¥/  1^ 

161  600  000  I 


where 


W = the  total  uniform  load, 

'I 

1 = the  length  of  arm  in  inches, 

E = the  modulus  of  elasticity  of  steel,  and 
I = the  moment  of  inertia  at  the  center  support, 

i 

|i  The  moment  of  inertia  is  computed  as  follows 

Cover  plate  = 2(9.57  x 57,02^)  =25  626  in. 

Angles  = 2(9,60  x 36,10^)  + 4 x 19,26  = 25  606  " 

¥reb  = 1/12  x 3/8  x 72^  = 10  720  " 

Total  = 69  962  in. 

Substituting *the  required  values  in  the  formula  for  the  deflection, 
there  results 


20  250  X 480^ 

I).  = — _ 0,24“  = 1/4“ 

161  500  000  X 59  952 

The  maximum  negative  reaction "for  a static  load  is  R = 

- 1/16  W1  = *^  3770  X 40  16  = - 9 430  pounds.  The  additional  neg- 

ative reaction  due  to  the  impact  will  be  quite  large.  Since  Coop- 
‘ er  does  not  give  an  impact  formulai  the  one  used  by 'the  American 
Bridge  Co,  will  be  taken,  ’ It  is 

300 

I s:  ■ w'here 

L + 300 

S = the  static  stress, 

L = the  loaded  length  in  feet,  and 
500  = a constant,  the  same  for  all  conditions. 
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Substituting,  in  this  formula  we  derive  the  value  of  the  Impact 
I stress  which  i$  (9  430  x 300)  (40  + 300)  = 8 300  pounds.  The 

sum  of  these  two  give  17  730  which  is  the  negative  reaction. 

The  deflection'  of  a girder  of  uniform  cross-section,  loaded 
at  the  end  is 

P 1^ 

^ “ 3 E I 

This  cannot  be  directly  applied  to "the  base  at  hand  as  the  decrease 
in  depth  at  the  ends  increase  the  deflection.  Wright;  in  his  text 
on  draw  spans,  modifies  the  formula  to 

P 1^ 

C = 

1.9  E I 

P is  the  concentrated  load,  and  the  other  factors 'are "the  same  as 
for  uniform  load;  using  this  formula  and  substituting 'our  values 
' in  It  we  get 

n = 17  730  X 480^  ^ ^ 

^ 1.9  X 29  OW  iOOC^  'x  6~9  952 " 

flection  at  the  end.  Both  ends  will' be  raised  0.59  •*'  2 = 0.296” 
which  will  be  sufficient' to  keep*  the  span  from  hammerimg. 

Arti  16.  Wedges. 

The  maximum  reactions  require  that 'the  end  masonry  plates 
have  areas' of  324,  and  those  at  the  center  754  sq.  in.'  The  former 
will' be  16”  X 24V  and  the  latter  will' be  24"  x 31-1/2”.  The  react- 
ions are  transferred  to  these  plates' by  the  wedges.  Those  at  the 
center  are  driven  only  to  a firm  bearing,  v/hile  those  at  the  ends 
must  raise  the  ends  sufficiently  to  take  out  the  deflection  and 
create "an  upward  pressure  as  great  as  the  negative  reaction  due  to 
the  live  load,  in  order  to  prevent  "hammering”.  Pig;  9 and  10 
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show  the  design  of  the  v/edges,'  To  determine  the  shape  of  the  sur- 


r enter  Wedges, 


Fig,  9,  Center  Wedges. 

face,  considering  a throv/  of  10  inches,  a clearance  of  l-l/g  inches 
plus  the  deflection  of  0.59  inches  requires  about  2 inches.  The 
slope  will  thenbe  2/10  = 1/5. 

The  total  maximum  negative  reaction  is  17 '725  pounds,  and 
the  wedges  must  exert  an  upward  force  equal  to  this  amount.  From 
the  similar  triangles,  it  is  seen  that  the  horizon- 
tal  force  must  be  one-fifth  of  17  725  pounds  plus  the 
force  due  to  friction."  The  coefficient  of  friction 
of  metal' on  metal  varies  from  0.05  to  0.08  for  v/ell  lubricated  sur- 
faces^ to  0.16  to  0,24  for  dry  siu'faces.  If  we  consider  the  coef- 
ficient of  friction  to  be  0.10,  the  total  force  required  to  operate 
the  wedges  will  be  5 540  pounds.  This  force  will  not  be  required 


23 


tliroughout  the  entire  motion  of  the  wedge,  but  will  be  zero  until 


F~  iff.  I O. 

E nd  I//  e dg  es. 


Fig*  10*  End  Wedges, 

*the  beginning  of  the  last  inch  of  the  thrust,  and  will  then  increas<? 
to  the  amoimt  which  will  be  the  maximum  required. 


PART  III,  THE  MACHIHERY, 

Art.  17,  The  Inertia  of  the  Span, 

The  machinery  for  turning  the  draw  must  be  designed  to  over- 
come the  following  forces 

a.  The  inertia  of  the  span, 

b.  The  friction  of- the  center  bearing, 

■ c.  The  friction' of  the  balance  wheels,  and 
d.  The  friction  of' the  gearing  and  shaft  bearings, 
'These  forces  will  now  be  considered  in  detail. 

The  inertia  of  the  span  is  greater  in  amount  than “any  of  the 
others,  and  will  be  considered  first.  Let  the  time  required  to  o- 
pent  eh  draw  be  1-1/2  minutes.  In  that  ' time,  a mass  equal  to  the 
v/eight'  of  the  bridge  must  ' be  started'  from  "rest  and  revolved  90  de- 


* '* 
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grees.  ' The  first  half  of  the  motion  will  he  an  acceleration  and 
the’ last  half  will  be  a retardation.'  Throughout  "the  motion,  the 
force  required  to  accelerate  or  retard  is, 

'2  I 0 

p - where 


P = the  required  force, 

I = the  moment  of  inertia  of  the  span  about  the  center, 

TP 

0 = the  angle  expressed  in  radians  = 4 » 

^ R = the  radius  of  the  rack  circle  =4  ft.,  and 
t = the  time  required  to  swing  = 46  seconds. 

"The  moment  of  inertia  is  readily  computed,  and  is. 


I 


W (1/2)^  + (b/2)^ 

g 

81  000(20.25^  + 3.25^) 
32.2 

= 1 060  000 


Substituting  the  required  values  in  the  first  formula  above, we  have, 

2 X 1050  000  X 3.1412 

p ^ 

4 X 45^  X 4 
= 204  pounds. 


• Art.  16.  Friction  of  the  Center  Bearing. 

The  force  required  to  overcome  this  friction  is  practically 

’ 0.66  f P r 

p r=  - -where 

R 

f = the  coefficient  of  friction  = 0.005, 

' P = the  weight  of  the  dead  load, 

r = the  radius  of  the  shaft,  in  inches,  and 

R = the  radius  of  the  rack  circle,  in  feet. 
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Substituting  the  required  values  in  the  formula,  we  have 


F 


0,66  X 0,006  X 81  000  x 0,5 
4 


= 34  pounds  as  the  force  necessary  to  overcome 

I 

the  friction  caused  by "the  dead  load  on  the  center  bearing. 

In  addition  to  the  above,  there  is  another  cause  of  friction 
V at  the  center  bearing;  This  is  caused  by  the  horizontal  thrust 
- of  the  wind;  * A wind  force  of  30  poiinds  per  so,  ft;  of  girder  siir- 
I face  will  cause  a horizontal  thrust  of  12  100  pounds,  ' To  overcome 
i:  this,  we  find,  by  substituting  in'^ the  above  formula, ' that  a force 
of  151  pounds  is  necessary.  In  this  case  we  use  a coefficient  of 
OilO  and  a constant  of  unity  instead  of  0,66, 


I "Art,  19,  Friction  of  the  Balance  Wheels, 

The  weight  on  the  balance  wheels  will  be  due  to  an  unbalanc- 
i cd  load,  and  the  friction  v/ill  be  rolling  friction.  If  we  assme 
a load- of  1 000  pounds  at  20  feet  from  the  center,  the  weight  on  the 
balance  wheels  will  be  1 000  x 20  -*•  4,75  = 4 200  pounds,  ^The  coef- 
i ficient  of  rolling  friction  for  steel  on  steel  varies  from  0,003  to 

t| 

j 0,020,  It  will  be  asstamed  as  0,010,  Then  the  force  applied  at 
the  rack  circle  to  overcome  this  resistance  is, 

f W R, 

P = i—  where 

r Rg 

f = the  coefficient  of  friction  = 0,010, 

W = pressure  on  wheel,  due  to  unbalanced  load  = 4 200  lb., 
radius  of  wheel  circle  = 4,75  ft,, 

Rg=  radius  of  rack  circle  = 4,00  ft,,  and 
r = radius  of  balance  wheel  = 0,50  ft. 
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■Substituting  the  values  as  indicated, in  the  formula  gives  us  100 
pounds  as  the  force  required  to  overcome  this  resistance* 

The  friction  of  the  bearings  of  these  wheels  must  now  be  con- 
sidered* The  coefficient  of  friction  will  be  assumed  as  0*10,  the 
■force  required  to  overcome  this  resistance  being  given  by  the  for- 
mula 

f W r 

p — - where 

f = the  coefficient  of  friction  = 0*10 
W = pressure  on  the  wheel  = 4 200  lb* , 
r = radius  of  the  wheel  axle  = 0.75  in.,  and 
R = the  radius  of  the  wheel  = 6 in. 

Substituting,  we  have, 

0*10  X 4 200  X 0*75 


= 52  pounds  as  the  required  force  applied 
at  the  Tack  circle  to  avercome  the  friction  of  the  balance  wheels 
in  their  axle  boxes* 

If  the  unbalanced  wind' force  of  1 600  pounds  acts  at  the 
same  time,  the  force  required  to  overcome  the  resistance  due  to  it 
will  be  directly  proportional  to  the  forces  in  the  two  previous  cases 
and  will  be(l  500  x 100)  + 4 200  = 35  poxmds  and  (1  500  x 52)  4 20C 

= 18  pounds  respectively* 

Art.  20.  Friction  of  the  Gearing* 

The  friction  of  the  gearing  cannot  be  computed  before  the  de-’ 
sign  is  made*  Hov/ever,  it  will  be  only  a small  per  cent  of  the  o- 
ther  forces  and  might  be  neglected  without  causing  any  material  dif- 
ference in  the  design*  It  will  not  be  neglected,  but  will  be  as- 
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sumed  as  25  pounds,  and  should  this  prove  to  be  greatly  in  error, 
the  design  will  changed  so  as  to  correspond  to  the  proper  amount. 

Art,  21,  Power  Eequired  for  Operating, 

The  addition  of  these  factors  gives  619  pounds  as  the  force 
applied  at  the  rack  circle,  which  is  required  to  operate  the  draw 
in  the  given  time.  The  maximum  velocity  at  v/hich  this  force  is  ap- 
plied is  (2  X 8 X it)  + 8 X 45  = 0,14  feet  per  second.  Hence  619  x 
0,14  650  = 0,15  horse  power  is  required. 

These  computations  might  have  been  shortened  by  the  application 
of  one  of  the  empirical  formulas  which  have  been  derived  from  ex- 
periments, As  an  example,  we  will  apply  the  formula 

0,0125  W n D 

H,  P,=  - where 

650  X 4 t 

D = the  diameter  of  the  rack  circle  in  feet,  and 
t = the  assumed  time  of  turning  90  degrees. 

Substituting, we  get 

0.0125  X 81  000  X 3,1436  x 8 

H,  P.  = - 0,133 

550  X 4 X 90 

On  account  of  the  assiamptions  which  it  was  necessary  to  make,  tills 
is  undoubtedly  as  reliable  as  the  more  laborious  process  which  was 
used, 

' A man  can  easily  push  with  a force  of  76  pounds.  Then  to 
create  a force  of  619  pounds  will  require  a multiple  of  619  + 75  = 
'8,3  times.  If  the  power  is  applied  at  the  end  of  a 3,6-foot  lever, 
a wheel  of  (3,6  x 12)  + 8,5  = 6,0  inches  radius  will  be  required, 

The  general  arrangement  of  the  shaft  which  is  to  be  operated  by  man- 
ual labor,  as  well  as  the  dimentlons  which  are  determined  latter. 
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are  shown  in  Fig.  13.* 

Art,  22,  Design  of  Machinery, 

The  shafting  and  gearing  will  necessarily  be  designed  for 
the  greatest  stress  wMch  will  probably  come  upon  them.  Experi- 
ment has  taught  that  men  in  charge  of  draw  bridges  are  careless,  and 
exert  their  utmost  strenght  before  investigating  to  see  if  there  is 
anything  to  prevent  the  draw  from  turning.  If  200  puunds  is  ap- 
plied at  the  end  of  the  S, 5-foot  lever,  the  shaft  which  transmits 


the  power  to ’ the  gearing  should  have  a diameter  of 

3 
d 


16  P r 


•where 


TT  s 


P = the  applied  force  in  pounds, 

r = the  distance  at  v/hich  it  is  applied  in  inches,  and 
s = the  allowable  stress  per  sq,  in,  = 15  0001b, 
Substituting,  we  get 


d = 


16  X 200  X 42 


= 1-7/16  inches. 


3*1416  X 15  000 

Since  it  is  necessary  to  connect  the  shaft  to  the  gearing  by  a key, 

the  diameter  will  be  made  1-5/8  Inches, 

The  pitch  of  the  gear  teeth  is  computed  from  the  formula 
1 

k = 0,025(0,67  P)^,  where  P is  the  total  tooth  pressure  = 200  x 8,3 

1 

= 1 660  pounds.  The  pitch  is  therefore,  0,025(0,67  x 1 660)^  = 

0,83  inches*  A pitch  of  7/8  inches  will  be  used.  The  length  of 
a tooth  is  2,5  x 0,875  = 2,00  inches,  and  the  number  of  teeth  in  the 
wheel  base  will  be  (10  x 3,1416)  -4-  7/8  = 36, 

The  rack  v^ill  necessarily  be  cast  in  sections,  and  each  sec- 
tion will  have  the  same  number  of  teeth.  Four  sections  will  be 
used,  and  hence  the  length  of  the  pitch  circle  must  be  divl sable  by 
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4 X 7/8  = 3.6  inches.  The  radius  is  8 feet,  and  the  circumference 
is,  therefore,  311.5  inches.  This  gives  89  teeth  in  each  section. 
Fig.  11  is  a detail  of  the  operating  mechanism. 


Fig.  11. 

We 'may  now  compute  the  power  necessary  to  overcome  the  fric- 
tion of  the  shaft  and  gearing.  A coefficient  of  0.07  gives  2(619 
X 0.07)  =86  pounds.  Our  assumption  is  thus  seen  to  be  too  small. 
The  force  at  the  end  of  the  lever,  which  is  required  to  overcome 
this  is  (43  X 13/16)  42  = 0.8  pounds  for  the  shaft  and  (43  x 2.5) 

+ 42  =2.6  pounds  for  the  gearing.  This  is  two  pounds  more  than 
the  assumed  force,  and  gives  a total  of  77  pounds  at  the  end  of  the 
lever.  As  this  is  well  v/ithin  the  limit  of  a man’s  power,  no 
change  will  be  made  in  the  computations  and  the  design. 

The  design  of  the  v/edges  will  now  be  undertaken.  It  v/as 
determined  that  the  force  necessary  to  drive  one  wedge  was  5 540 
pounds,  and  that  this  is  required  Just  at  the  end  of  the  thrust. 
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If  we  consider  that  this  force  is  the  force  required  when  the  wedge 
still  has  1/4  inch  to  move,  we  will  be  providing  for  a possible  e- 
mergency.  The  resulting  power  required  may  now  be  computed  alge- 
braically, or  determined  graphically  as  in  Fig.  12.  AC  = 3 540  is 


Fig.  IS. 

replaced  by  DC  = 24/23.75  x 3 540  = 3 600  pounds.  We  now  have  the 
forces  DB.  DE.  and  DC  in  equilibrium.  Then  DE  sin.BDC  = DC 

sin.BDF  or  DE  -*•  0.246  = 3 600  + 1,  whence  DE  = 885  pounds  as  the 

force  at  D perpendicular  to  DB,  which  is  necessary  to  give  a hori- 
zontal force  of  3 540  pounds.  A coefficient  of  friction  of  0.07 
requires  a force  of  0.07  x 5 600  = 250  pounds  to  be  added  to  the  a- 

bove,  making  a total  of  1 135  pounds.  To  drive  all  four  wedges  will 

require  4 540  pounds.  The  center  wedges  are  merely  to  be  driven 
to  a firm  bearing,  and  1 000  pounds  should  be  sufficient  for  this 
purpose. 

Since  the  exertion  is  to  be  of  short  duration,  we  may  as- 
sume the  operator  to  push  with  a force  of  120  pounds.  It  will 
then  be  necessary  to  multiply  this  5 540  120  =46.2  times.  The 

mechanism  shown  on  the  strain  sheet  produces  56  multiplications, 
and  requires  5 540  56  = 99.0  pounds  at  the  end  of  the  lever  arm. 

The  friction  of  the  driving  shaft  is  99.0  x 42/3  x 0.07  = 

97  pounds,  and  the  force  necessary  to  overcome  this  is  97.0  x 13/16 
+ 42  = 2 pounds.  The  shaft  v/ill  be  made  1-5/8  inches  in  diameter, 
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since  we  have  the  same  conditions  as  in  the  turning  machinery.  As- 
suming the  same  sized  shaft  for  the  other  hearings,  the  force  re- 
quired to  overcome  their  friction  will  be  the  same  as  that  for  the 
first  case,  since  the  increase  in  pressure  is  directly  proportion- 
ally to  the  multiplying  power  of  the  gearing*  The  total  resistance 
from  the  friction  of  the  shafting  will  then  be  5 x 2 = 6 pounds. 

Assuming  the  same  coefficient  of  friction  for  the  gearing, 
the  force  necessary  to  overcome  the  friction  of  the  first  gearing 
is  3 X 16/13  X 2 = 7 poxmds,  which  may  also  be  assumed  as  that  re- 
quired for  the  bevel  gears.  The  total  force  now  required  at  the 
end  of  the  lever  is  99.0  +6  +14  = 119  pounds  which  is  within  the 
limit  allowed. 

The  shaft  which  drives  the  wedges  has  two  stresses  acting 
on  it,  one  due  to  bending,  and  one  due  to  torsion.  Consider  a 
shaft  3 inches  in  diameter.  The  stress  due  to  bending  is 


3 700  X 5/6  X 12  X 1.5  X 64 

S - ^ — s 13  500  lb.  per  sq.  in< 

81  X 3.1416 


and  that  due  to  torsion  is 


S = 


16  X 1 850  X 12 


13  000  lb.  per  sq,  in.,  making  a 


total  of  26  500  pounds  per  sq,  in.  As  this  is  not  excessive  in 
shafting  operated  by  hand,  this  diameter,  3 inches,  will  be  used. 
The  deflection  of  the  end  of  the  shaft  farthest  from  the 
turning  point  is  given  by  the  expression 

57.3  P r 1 


d-  = 


- - - - -where 


F J 


P = the  twisting  force  in  pounds, 

1 = the  distance  from  the  center  of  its  point  of  applica- 


tion. 
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F = the  shearing  modulus  of  elasticity,  and 
J = the  polar  moment  of  inertia. 

Substituting,  we  have 

57.5  X 1 860  X 12  X 62  X 32 
“©  = - — -»■ . ....... — — = 0,8  degrees. 

12  000  000  X 81 

The  deflection  is  directly  proportional  to  the  length,  and  therefore 
the  opposite  end  has  a deflection  of  16/62  x 0.8  = 0.2  deg.  = 36 
min.  This  is  not  enough  to  prevent  simultaneous  action  of  the 
wedges,  and  the  shaft  is  satisfactory  in  this  respect. 

The  latches  are  required  to  stop  the  draw  in  the  proper  po- 
sition to  allow  the  driving  of  the  wedges,  and  to  hold  it  against 
the  wind.  The  device  shown  on  the  strain  sheet  is  intended  to 
latch  automatically.  The  rod  carrying  the  wheel  at  its  end  is 
raised  and  turned  90  degrees.  It  is  then  held  up  by  the  projec- 
tion (shown  dotted  on  the  strain  sheet)  which  rests  on  the  top  of 
the  angle.  As  the  draw  swings,  the  rod  which  projects  at  right 
angles  to  the  rod  strikes  a projection  on  the  abutment  and  turns 
back,  allowing  the  rod  to  fall  into  its  former  position. 

Art.  23,  Character  of  Operating  Power. 

There  are  many  sources  of  pov/er  in  use  for  the  operating  of 
draw  spans,  but  for  small  spans,  there  are  in  common  use  three  kinds, 
namely,  electric  motors,  gasoline  engines,  and  manual  labor. 

Electricity  is  the  best  form  of  power.  It  is  safe,  reli- 
able, and  easily  applied.  The  gasoline  engine  is  comparatively 
cheap  and  easily  operated,  but,  owing  to  its  liability  to  get  out 
of  order,  it  requires  an  operator  with  some  mechanical  skill.  A 
draw  the  size  of  the  one  in  question  can  easily  be  operated  by  one 
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man,  and  since  an  operator  is  required  in  any  case,  it  will  be  e- 
conomical  to  use  manual  labor  since  it  will  effect  a large  saving 
in  the  sost  of  machinery  which  would  be  in  use  only  a part  of  the 
time* 

PART  IV*  COST. 

Art*  24*  Estimate  of  Weight* 

A detailed  estimate  of  the  weight  will  now  be  made  in  or- 
der to  verify  the  original  estimate,  and  to  give  a basis  for  the 
estimate  of  cost*  The  section  and  length  of  each  piece  of  steel 
is  taken  from  the  strain  sheet  and  the  weight  per  linear  foot  from 
the  Cambria  handbook*  Table  VI  is  self-explanitory * The  pre- 
liminary estimate  gave  48  600  po\mds  as  the  total  weight*  The 

computation  gives  45  848  pounds  for  the  weight  of  steel  in  the 

bridge  proper,  and  1 929  pounds  for  the  weight  of  the  machinery, 

making  a total  of  47  770  pounds  or  98  per  cent  of  the  estimate* 


Table  V/. 

Computation  of  Weights* 


hame* 

ho* 

Section, 

Length* 

Wt*  per  Pt, 

Total  Wt. 

1 

2 

3 

4 

5 

6 

Top 

Chord* 

L® 

4 

6”  X 4”x  1 

81*0 

16.20 

5 249 

Pis. 

2 

10*' X 

8 

81*0 

12*75 

2 060 

Pis* 

2 

II 

64*0 

12*75 

1 635 
8 944 

Bottom  Chords* 

LS 

4 

6”  X 4”  X 

2 

81*2 

16.20 

5 262 
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Table  VI.  (cont»d.) 


1 

2 

3 

4 

5 

6 

Pis. 

2 

lO-x  f 

79.0 

12.75 

2 010 

n 

2 

n 

64.0 

12.75 

1 635 

8 907 

Webs. 

Pis. 

2 

3” 

8 

Sketch. 

12  532 

L® 

16 

3-**x  3*’ 

4.0 

9.10 

580 

2 16 

LS 

8 

3i"x  3“  X 
2 8 

4.0 

7.90 

254 

tt 

8 

tt 

4.4 

It 

279 

tt 

8 

It 

4.7 

tt 

297 

n 

8 

It 

5.0 

It 

317 

H 

8 

tt 

5.3 

H 

336 

It 

8 

tt 

5.6 

It 

355 

II 

8 

tt 

5.9 

It 

374 

It 

16 

1 tt  T tt  *itl 

6.0 

8.50 

816 

Pis. 

16 

4«X  i" 

3.0 

6.80 

326 

2 

tt 

4 

It 

3.7 

tt 

101 

H 

4 

It 

4.5 

It 

118 

It 

4 

It 

6.0 

tt 

156 

tt 

4 

24"  X 1” 

5.0 

40.80 

815 

tt 

8 

11"  X 5” 
8 

3.0 

14.00 

336 

tt 

8 

4"  X 

3.0 

1.70 

41 

8 

17  836 

Upper  Lateral  System. 

L® 

6 

3i  X 3"  X r? 

7.0 

6.60 

277 

2 16 

It 

4 

n tt  »:ttl 

3i  X 3"  * ^ 

7.0 

7.90 

222 

2 8 .. 

It 

2 

7" 

4"  X 3"  X 

16 

7.0 

9.80 

138 

It 

4 

4"  X 3"  X 

7.0 

11.10 

155 

2 
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Table  VI,  (cont’d) 


1 

2 

3 

4 

5 

6 

Pis, 

18 

17»  X 1" 

2,5 

21.7 

. 980 

n 

8 

1£»  X 1" 

0.9 

15.3 

110 

1 882 

Lower  Lateral  System, 

L® 

16 

1 It  Cll 

3|  X 3«  X -1 

7.0 

6.6 

730 

Pis. 

18 

]i"  X 2" 

8 

S,0 

15.3 

550 

II 

8 

9"  X 2" 

1.0 

tl 

110 

6 

1 490 

End  Frames, 

4 

1 II  n « 'Ttt 

3i  X 3i  X P 
2 2 8 

7,0 

8.5 

223 

It 

4 

tl 

5.8 

8.5 

199 

Pis, 

8 

18**  X 2" 

8 

1,5 

23,0 

275 

It 

2 

8**  X 1” 
8 

0,7 

10.2 

14 

726 

Intermediate  Cross  -Frames 

• 

L® 

4 

111  nil  511 

4^4^  if 

7,2 

7.2 

210 

II 

4 

II 

7,6 

It 

230 

It 

B 

It 

5,8 

It 

334 

It 

4 

si"-  si"x  2" 

8.0 

8,6 

262 

It 

4 

n 

5,8 

It 

198 

Pis. 

24 

18**  X 1” 

1.5 

23.0 

825 

It 

10 

8»  X 1" 

0.7 

10,2 

70 

2 12  9' 

Cross  Girders, 

L® 

8 

^ X si  X i 
®2  * ®2  ^ 2 

6.0 

11.1 

554 

tl 

8 

^1*'  ^1**,  5‘* 

^2  ^2  ^ 16 

2.0 

6.6 

106 

Pis. 

4 

S. 

6.0 

10.2 

245 

36* 

Table  VI*  (cont’d.) 


1 

2 

3 

4 

5 

6 

Pis, 

2 

16”  X 1” 

3,5 

20,4 

143 

If 

4 

18”  X 1** 

II 

23,0 

323 

II 

8 

10”  X 1” 
8 

1,0 

12,8 

102 
1 453 

Side 

Braces. 

L® 

8 

*1  II  1 II  >2lf 

3*  X 3^  X ^ 
2 2 8 

4.2 

8.5 

285 

n 

8 

If 

1.8 

II 

123 

Pis, 

4 

12”  X 1** 

4.0 

15,3 

245 

If 

8 

6"  X f 

1.5 

7,7 

92 

7V5 

Adding  4 per  cent  of  the  above  weights  for  rivet  heads=  1 763 

Grand  Total  = 45  848  lb. 


Machinery. 

Shafting 700  lb. 

Castings  - --  --  --  - -1  229  •' 

Center  Post  etc.  - - - - 5 822  ** 

Total  = 6 751  lb. 


Art,  25,  Estimate  of  Cost, 

The  cost  of  steel  bridges  is  estimated  by  the  weight  of  the 
material  used,  and  therefore,  for  structures  closely  similar,  the 
cost  varies  almost  directly  with  the  weight.  In  Table  VII,  the 
weights  are  taken  fron  Table  VI,  The  prices  of  steel  are  from 
the  **Iron  Age”,  They  are  the  Pittsburg  quotations  for  April  11, 
1G07,  The  price  of  gearing  was  furnished  by  Foot  Bros,,  24-30  S, 


Clinton  St,,  Chicago,  Illinois, 
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Table  VII. 
Estimate  of  Cost, 


IMame, 

Amount, 

1 

Price  per  Unit, 

Cost, 

Angles, 

18  360  lb. 

1.70 

$ 312.12 

Plates, 

25  625  « 

1.75  •» 

448,43 

Hods,  . 

90  « 

1,84  « 

, 1.46 

Shop  Cost, 

45  848  « 

0,75  " 

343,86 

Paint, 

23  gals. 

$1.00 

23.00 

Gearing, 

Cast  arms,  dt 

97.00 

Hack. 

Shafting, 

28.20 

Wedges, 

1 752  lb. 

5,00 

77.60 

Center  Post, 

194.50 

Balance  Wheels, 

8,00 

Track, 

12,00 

Bolts, 

180  lb. 

2.27  i' 

4.09 

Drafting, 

25.3  tens. 

$4.00 

101.20 

Freight, 

Pittsburg  to 

25,3  tons. 

23.00 

59.19 

Urbana, 

Erection, 

25,3  tons. 

$15,00 

379,50 

$2  088,56 

Engineering. 

5 per  cent  of  the  cost  - - - 

- - 104.43 

Total 

= $2  192.98 
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